There is a dearth of research on the determinants of food insecurity among adults who experience homelessness. According to cumulative risk theory, it is the accumulation of risk factors that places individuals in jeopardy for negative health consequences. Building on the cumulative risk theory, domain specific indices were created to examine the relationship between four cumulative risk factors and food insecurity among adults who experience homelessness. Adult participants were recruited from six area shelters in Oklahoma City (N = 565) during July -August of 2016. Participants who affirmatively responded to two to six items of the six-item USDA Food Security Scale-Short form were categorized as food insecure. Four indices of cumulative risk were created based on affirmative survey responses: poor health & risky health behaviors index, personal and sexual victimization index, household disruption, and financial strain. Covariate-adjusted logistic regression models predicted the odds of adults experiencing food insecurity. Seventy-eight percent of the sample experienced food insecurity. Higher scores for the poor health and risky health behaviors index predicted higher odds of experiencing food insecurity (OR = 1.80, CI: 1.51 -2.14). Higher scores for the personal and sexual victimization index also predicted higher odds of experiencing food insecurity (OR = 1.57, CI: 1.20 -2.04). To facilitate food security among adults experiencing homelessness, shelters and community-based programs need to consider homelessness and food insecurity to be multi-faceted public health problems that are interrelated.
Homelessness is a rising condition in the United States. Of the total adult homeless population in 2017, 39% (215,709) were females and 61% (335,038) were males (Henry, Watt, Rosenthal, & Shivji, 2017) . A correlate of experiencing homelessness is food insecurity. Food insecurity is characterized as a household experiencing restrictions on adequate food access due to insufficient money and other resources for food (Coleman-Jensen, Rabbitt, Gregory, & Singh, 2018) . Among domiciled adults, 11.8% experience food insecurity (Coleman-Jensen et al., 2018) . While there is no national prevalence rate for food insecurity among homeless populations, estimates range from 25% to 59.5%; thus suggesting that the prevalence rate is much higher than for domiciled adults (Kim, Flentje, Tsoh, & Riley, 2017; .
The majority of the current knowledge on the determinants of food insecurity is based on low-income mothers with children (Hernandez, 2015) , with a dearth of information among adults who experience homelessness (Gundersen, Weinreb, Wehler, & Hosmer, 2003) . To gain a better understanding of the factors that contribute to food insecurity among adults experiencing homelessness, an investigation of highly prevalent correlates pertaining to this population, such as health, victimization, household disruption, and financial strain must occur. However, focusing on one correlate or risk factor may not be sufficient to determine potential precursors to experiencing food insecurity among adults who experience homelessness. The cumulative risk theory postulates that multiple risk factors, rather than any one particular risk factor, influence an outcome (Rutter, 1979; Sameroff, 1998; Sameroff, Seifer, Baldwin, & Baldwin, 1993) . Creating an aggregate score based on the summation of risk factors provides the opportunity to measure a particular domain (i.e., a group of behaviors/risk characteristics rather than an individual risk characteristic). A domain-specific aggregate score is a stronger correlate of outcomes compared to a single risk factor (MacFadyen, MacFadyen, & Prince, 1996) . Aggregate scores provide the opportunity for domain-specific (e.g., health domain, household disruption domain, financial strain domain) risk factors to be compared, which then provides the prospect to create more comprehensive interventions based on the domains.
Poor Health and Risky Health Behaviors
A significant proportion of adults who experience homelessness live with poor physical and emotional health status (Fazel, Geddes, & Kushel, 2014; Lebrun-Harris et al., 2013; Sun, Irestig, Burström, Beijer, & Burström, 2012) , and poor health has been associated with an increased risk of experiencing food insecurity (Hernandez, Reesor, & Murillo, 2017; Venci & Lee, 2018; Wang et al., 2015) . The residential instability of individuals experiencing homelessness may be perceived as a failure to accomplish basic social expectations, which could contribute to the high rates of depression seen among this population (DeForge, Belcher, O'Rourke, & Lindsey, 2008) . Likewise, Post-Traumatic Stress Disorder (PTSD), a psychiatric disorder that can occur after a person has endured or witnessed a traumatic event, is highly common among the individuals experiencing homelessness (Whitbeck, Armenta, & Gentzler, 2015) . Poor physical or mental health may make it difficult to practice lifestyle health behaviors such as organizing and planning meals. The managerial capacity required for planning and prepping meals is further hampered if these individuals experiencing homelessness are dependent on shared kitchen space. Shared cooking facilities are typically small and lack or have limited food storage (Richards & Smith, 2006; Wicks, Trevena, & Quine, 2006) . The combination of both poor mental health conditions and logistical constraints from not having a home could place individuals experiencing homelessness at risk for food insecurity (Parpouchi, Moniruzzaman, Russolillo, & Somers, 2016; Tong et al., 2018) .
Further, numerous adults who experience homelessness also experience high rates of alcohol use disorders, including a 29% to 63% lifetime presence of alcohol use disorders (Baggett et al., 2015) . In the United States, about three quarters of the adult population who experience homelessness are cigarette smokers (Baggett, Tobey, & Rigotti, 2013) . Evidence suggests homelessness may impact cigarette smoking and the quantity of cigarette consumption. Many smokers experiencing homelessness view tobacco use as a method of coping with "all the pressures of being homeless," or as a reward for withstanding the hardships of homelessness . Thus, alcohol and tobacco purchases could divert financial resources dedicated to food to supporting highly addictive behaviors, and consequently contribute to food insecurity experiences (Hernandez, Reesor, Reitzel, et al., 2017) .
Personal and Sexual Victimization
Sexual and physical abuse is often an experience among women and men experiencing homelessness. When compared to poor domiciled women or mothers, women experiencing homelessness report rape or physical abuse more frequently (Kushel, Evans, Perry, Robertson, & Moss, 2003; Meinbresse et al., 2014) . In addition to a high level of victimization, homelessness is also associated with a higher possibility of witnessing violence (Fitzpatrick, LaGory, & Ritchey, 1999) . Ninety percent of mothers experiencing homelessness have experienced or witnessed severe physical and/or sexual abuse at some point in their lives (Henry, Shivji, de Sousa, & Cohen, 2015) . Lack of legal and consistent residence or tight living quarters could explain the higher exposure to violence among homeless populations. Further, young adults without education or work experience are repeatedly faced with the obligation of providing for themselves for survival. This can sometimes mean turning to trading sex for goods such as food, shelter, money, or drugs (Santa Maria, Narendorf, Ha, & Bezette-Flores, 2015; Tyler & Johnson, 2006) .
Household Disruption
Family risk factors such as family disruption and conflict are also connected to increased experiences with food insecurity. Adverse experiences during childhood, including household and housing instability, have been associated with food insecurity experiences in adulthood (Chilton, Knowles, Rabinowich, & Arnold, 2015) . Foster care placement is also considered to increase the risk of experiencing homelessness as an adult (Bassuk et al., 1997; Fowler, Toro, & Miles, 2009; Roman & Wolfe, 1995) . Youth aging out of foster care are at increased risk of poverty and are disproportionately impacted by food insecurity as well (Courtney & Dworsky, 2006; Lockwood, Friedman, & Christian, 2015; Meisenheimer, 2016) . Another correlation to homelessness is jail time or incarceration. Family disruption due to incarceration has also been linked with an increase in food insecurity (Cox & Wallace, 2013) . Due to limited employment opportunity, earnings, and economic mobility, the connection between family disruption from a family member being incarcerated and food hardship can continue even after the incarcerated parent re-enters society (Geller, Garfinkel, & Western, 2011; The Pew Charitable Trusts, 2010; Visher, Debus, & Yahner, 2008) .
Financial Strain
Financial strain refers to a person's subjective appraisal of income inadequacy (Szanton, Thorpe, & Whitfield, 2010) . Lack of employment is one of the indicators of financial strain. Previous studies suggest that various events associated with unemployment can inflict additional risk of food insecurity (Huang, Kim, & Birkenmaier, 2016) . For example, unemployment can create additional distress and negatively impact family relationships and interactions (Frasquilho et al., 2016) . This places individuals who are experiencing multiple employment losses at higher risk for food insecurity (Huang et al., 2016) . In addition, homelessness and residential mobility during early life could lead to poor school performance, repeating grades, dropping out, and lower rates of high school graduation (Bassuk, 2010; Buckner, 2008) . Adults who have not completed high school are at higher risk for food insecurity compared to adults have obtained a high school degree (Hernandez, Marshall, & Mineo, 2014) .
Current Study
Most of the literature described above has come from research conducted with domiciled populations. Adults who experience homelessness may have unique sets of barriers to accessing food. Thus, there is a need to understand how domain-specific (e.g., health, household disruption) risk factors are related to food insecurity among adults who experience homelessness. The purpose of this article is to examine the association of four cumulative risk indices -poor health and risky health behaviors, personal and sexual victimization, household disruption, and financial strain -with food insecurity among adults experiencing homelessness. Such examination may provide insight into how programs and policies could potentially be restructured to meet the needs of this population.
Methods

Data and Sample
The participants for the current study were recruited through flyers posted at six homeless shelters in Oklahoma City, OK from July -August, 2016. Participants were eligible to enroll in the study if they were at least 18 years of age, receiving services (e.g., shelter, counseling) at the targeted shelters, and had a minimum 7 th grade English literacy level based on a score of 4 or higher on the Rapid Estimate of Adult Literacy in Medicine-Short Form Murphy, Davis, Long, Jackson, & Decker, 1993) . While 648 participants were screened for the study, thirty-eight interested participants were excluded during screening due to lower literacy level. After the screening and informed consent process, participants completed questionnaires that were administered via a tablet computer whereby survey items were visible on the screen and read aloud to the participant via headphones. Participants were compensated with a $20 department store gift card. The Institutional Review Boards at the University of Oklahoma Health Sciences Center and the University of Houston approved this study.
A total of 610 eligible adults were enrolled in the study. Those who did not meet the criteria of being homeless (i.e., an individual that does not have a personal residence or other permanent location to sleep) were excluded (29 excluded). Participants were further excluded if they were missing data on the food security measure (4 excluded), if they were missing data on any of the risk indices (3 excluded), or if they had any missing covariate data (9 excluded). The final analytic sample consisted of 565 adults who were experiencing homelessness.
Measures
Food insecurity. Food security was measured using a six-item Food Security Scale developed by the National Center for Health Statistics in collaboration with Abt Associates Inc. The scale assesses both the quality and quantity of a person's food over the past 12 months, along with whether they were able to afford the food they needed. If participants responded affirmatively to zero or one of the six items, they were categorized as food secure. Individuals who responded affirmatively to between two and six of the six items were categorized as food insecure (Blumberg, Bialostosky, Hamilton, & Briefel, 1999) .
Cumulative risk indices.
The independent variables are comprised of four indices of cumulative risk factors that may be associated with food insecurity. The process of developing risk factor indices was adapted from previous research that combined risk factor experiences to develop cumulative family risk factor indices (Garasky, Stewart, Gundersen, Lohman, & Eisenmann, 2009; Gundersen, Lohman, Garasky, Stewart, & Eisenmann, 2008; Hernandez, 2015; Hernandez & Pressler, 2015) . Each of the four indices was created by aggregating various risky behavioral experiences thought to contribute to food insecurity (Chilton et al., 2015; Huang et al., 2016; Jackson, Lynch, Helton, & Vaughn, 2018; Venci & Lee, 2018 ). This process is described briefly for each of the indices.
Poor health and risky health behaviors index. The poor health and risky health behaviors index was composed of five variables: Poor health status, depression symptoms, PTSD symptoms, alcohol abuse/dependence, and smoking status. With the first measure participants were asked to rate their health status on a 1 = Excellent to 5 = Poor scale from the Behavioral Risk Factor Surveillance Survey (Centers for Disease Control and Prevention, 2009) . Those who rated their overall health status as "poor" or "fair" were given a score of one. Depression symptoms were assessed using the eight-item Patient Health Questionnaire (PHQ) (Spitzer, Kroenke, Williams, & Patient Health Questionnaire Primary Care Study Group, 1999) . Participants that scored 10 points or higher (possible range of score 0 -24) were categorized as currently experiencing depression symptoms and were given a score of one (Kroenke et al., 2009) . The third measure, symptoms of PTSD, was assessed using the four-item Primary Care Post-Traumatic Stress Disorder (PC-PTSD) screener. The response options for each item were "yes/no." Those who responded "yes" to three or more items were described as experiencing PTSD symptoms and were given a score of one (Prins et al., 2003) . Alcohol abuse/dependence, the fourth measure in the index, was based on seven items from the Patient Health Questionnaire (Spitzer et al., 1999) . Two or more affirmative answers resulted in the participant receiving a score of one, suggesting probable alcohol abuse or dependence (Spitzer et al., 1999) . For the fifth measurement, participants who responded affirmatively to both smoking at least 100 cigarettes in a lifetime and smoking in the past 30 days were classified as current smokers and were given a score of one (Businelle et al., 2015) The scores for each of the five variables were summed to create a cumulative score for the poor health and risky health behaviors index, with a possible range of zero to five.
Personal and sexual victimization index. The personal and sexual victimization index was based on one item regarding personal victimization and two items regarding sexual victimization. Participants were asked if anyone had used violence, such as mugging, fighting, or sexual assault against them (Sampson, Raudenbush, & Earls, 1997) . Sexual victimization items were adapted from the 2014-2015 National Health and Nutrition Examination Survey. Participants were asked if they had ever been forced to have sexual intercourse of any kind (vaginal, anal, or oral); participants were also asked if they had ever exchanged sex (vaginal, anal, or oral) for money, drugs, a place to stay, food/meals, or anything else. The response options for each item were "yes/no." Affirmative responses were provided a score of one and summed up to create the personal and sexual victimization index, with a possible range of zero to three.
Household disruption. The three items that comprised the household disruption index were based on items that measure family separation and are considered to be disruptive to individual and family well-being (Fawley-King, Trask, Zhang, & Aarons, 2017; Haskett, Armstrong, & Tisdale, 2016; Turney & Goodsell, 2018) . Two items were derived from the 18-item Brief Homelessness Questionnaire created for the purposes of the study (Businelle & Kendzor, 2016) . The questionnaire included an item where participants responded the age at which they became homeless for the first time. Participants who responded 17 years or younger where categorized as having experienced homelessness as a child. The questionnaire also included an item where participants responded whether they had been incarcerated (jail or prison) in the past 5 years. This item included a "yes/no" response option. The final item was derived from a 4-item questionnaire that was developed by researchers and child welfare stakeholders to assess involvement in the foster care system. Participants responded whether or not they had ever been in foster care. This item included a "yes/no" response option. For each of these measurements, affirmative responses were scored as a one and not having had the experience was scored a zero. The cumulative household disruption index was determined as the sum of all three variables' scores, with a possible range of zero to three.
Financial strain index. The financial strain index included three items of financial risk: unemployment or disability that limits employment, having no sources of income, and having less than high school education. Each affirmative response to the three items were scored as a one. Those whose employment, income, and education experiences did not match these characteristics were scored as zero. The three variables were summed to create a financial strain index, with a possible range of zero to three.
Covariates
A number of control variables were included as covariates in the models as they may influence individuals' experiences with various risk factors and could be related to individuals' food security. Continuous covariates included age and the total number of years the individual has been homeless. The remaining covariates were all treated as dichotomous variables: gender (one = female; zero = male), race/ethnicity (one = white/non-minority; zero = minority), marital status (one = married; zero = not married), and health insurance (one = insured to any extent; zero = uninsured).
Analytic Plan
Descriptive analyses and multivariate logistic regression models were conducted using STATA version 14.0 statistical software (StataCorp LP, College Station, Texas). Bivariate analyses comparing the individual risk factors, cumulative risk indices, and covariates by food security status were conducted using one-way analysis of variance (ANOVA) tests for continuous variables and chi-square tests for dichotomous variables. The multivariate logistic regression models consisted of food insecurity being regressed onto the cumulative family risk indices and covariates. In all regression models the standard errors were adjusted to account for the lack of independence, as some participants were clustered by data collection site.
Results
The descriptive statistics for the study variables for the entire analytic sample and for food secure and food insecure adults are displayed in Table 1 . Twenty-two percent of the sample was food secure, and 78% were food insecure. Overall, food insecure adults were significantly more likely to have a higher score (indicating a worsened state) on the poor health and risky health Note. Food insecure and secure groups were compared using one-way analysis of variance tests for continuous variables and chi-square tests for dichotomous variables. * p < .05; ** p < .01; *** p < .001.
behaviors index, personal and sexual victimization index, and household disruption index, compared to their food secure counterparts. More specifically, food insecure adults were significantly more likely to report poor health, depression symptoms, PTSD symptoms, alcohol abuse/dependence, having experienced violence, having been forced to have sex, and having first experienced homelessness as a child, compared to food secure adults. Eighty-nine percent of the sample reported being unemployed or having a disability that limits their employment, 53% had no source of income, and 26% had less than high school education. On average, participants were about 44 years of age, 64% male, 56% white, 88% not married, 70% lacking insurance, and the majority had been homeless for over three years. Food insecure adults were significantly more likely to have health insurance than food secure adults. The results of the multivariate logistic regression model are displayed in Table 2 . Adults experiencing homelessness with a higher score for the poor health and risky health behaviors index (indicating greater risk) had higher odds of experiencing food insecurity (OR = 1.80, p < 0.001). Similarly, adults experiencing homelessness with a higher score for the personal and sexual victimization index (indicating greater risk) had higher odds of experiencing food insecurity (OR = 1.57, p < 0.05). None of the covariates significantly predicted risk of food insecurity among adults experiencing homelessness.
Sensitivity Models
Additional models were conducted that recalculated the four cumulative risk indices using principal components factor analysis. Each index was derived by providing each individual risk with a weight based on its respective factor loading obtained from principal components analysis to explore whether individual risks may accumulate differentially to each other. These results did not differ from the results presented in Table 2 . 
Discussion
The purpose of the current study was to investigate the cumulative nature of risk factors associated with food insecurity among adults experiencing homelessness. Thus, it is important to describe the food insecurity prevalence rate in the current sample. While the participants in the current study were from homeless shelters where food is provided on a daily basis, 78% of the current study sample reported experiencing food insecurity. Even though study participants are provided food as homeless shelter residents, these adults may still feel anxiety as to where they will access their next meal or how they will access food if they are not in shelter at the time of meal service. It is not clear from the data the duration or frequency with which these individuals have been experiencing food insecurity. However, research on domiciled populations suggests that the duration of food insecurity experiences are typically short, but can be cyclical (ColemanJensen et al., 2018) . The additional barriers associated with housing instability and homelessness possibly magnify the duration and frequency of experiencing food insecurity; thus, amplifying the anxiety surrounding accessing food.
Moreover, study results indicate that among the four cumulative risk domains investigated in relation to food insecurity, two of them significantly predicted food insecurity among adults experiencing homelessness: 1) poor health and risk health behaviors, and 2) personal and sexual victimization. This supports the assertion that the aggregate score of individual risk factors, as suggested by the cumulative risk theory, can be used as determinants of food insecurity among adults experiencing homelessness. The adults who experienced food insecurity reported more frequently experiencing poor health, depression, PTSD symptoms, and alcohol dependence. This indicates that physical health, mental health, and risky health-related behaviors are associated with food insecurity among adults who experience homelessness, similar to previous findings with domiciled adults (Hernandez, 2015) . Current findings also show that the food insecure adults who experience homelessness are more likely to report experiencing violence and sexual victimization, compared to food secure adults who experience homelessness. These results coincide with research among domiciled populations that has found intimate partner violence to be associated with food insecurity (Hernandez et al., 2014; Melchior et al., 2009) .
While individual indicators of household disruption and financial strains such as childhood homelessness, foster care, unemployment, and lower level of education are associated with higher incidence of food insecurity (Cox & Wallace, 2013; Gundersen et al., 2003; Hernandez et al., 2014; Huang et al., 2016) , the cumulative indices of household disruption and financial strain were not predictive of food insecurity among adults who experience homelessness. While a greater proportion of adults who had experienced homelessness as a child also experienced food insecurity, bivariate statistics indicate that the prevalence rates of food insecurity/food security did not differ among the other risk factors associated with household disruption (e.g., jail time) or those associated with financial strain (e.g., unemployment). The lack of variability in the food security status among these risk factors, along with the highly prevalent, or universal, characteristics of experiencing financial stress among adults who experience homelessness, could be reasons why these two cumulative indices -household disruption and financial strain -were not as salient in determining who experiences food insecurity.
The current study sample included only the individuals who were in or obtaining services from homeless shelters in Oklahoma City, OK. Therefore, one of the limitations of this study is that these results might not be generalized to all adults experiencing homelessness in the United States. Due to the cross-sectional study design, this study assumes that the cumulative risk factors measured in the study placed individuals at risk of food insecurity. However, the poor health, victimization, financial strains, and household disruption could be consequences of food insecurity. Therefore, longitudinal studies are required to understand the directionality of the associations between food insecurity, poor physical/mental health, exposure to violence and victimization, household disruption, and financial strain.
Implications for Programs
At the present moment, shelters and community-based programs address food insecurity by providing food to clients. However, the current results suggest that the precursors to food insecurity among individuals who experience homelessness are multifaceted. Thus providing food, which takes care of the immediate cause, does not address the correlates that predict individuals being at risk for food insecurity. This adds to the growing literature that suggests that food insecurity should no longer be treated as an isolated matter that can be resolved by solely focusing on the immediate need for food assistance (Chilton et al., 2015; Hernandez, 2015; Hernandez et al., 2014) . In other words, the correlates of food insecurity (e.g., health, victimization, housing instability) may need to be addressed in conjunction with providing food assistance to have an impactful reduction in the prevalence of food insecurity. Thus, programmatic approaches to addressing food insecurity need to be multifaceted. To accomplish this, shelters are encouraged to continue to screen for depression, PTSD, alcohol abuse, personal violence, and sexual victimization as part of an intake process that can help social service providers best identify their clients' needs. In doing so, it will be important to consider how mental health, personal violence, and sexual victimization could contribute to food insecurity and vice versa. It is not until domain-specific risk factors (e.g., health, household disruption) are considered in relation to food insecurity that meaningful interventions can be created to lower food insecurity concerns among this vulnerable population.
Discussion Questions
1) What are ways that programs and social service providers can reduce food insecurity among adults experiencing homelessness? 2) What are ways that programs and social service providers can reduce poor health, risky health behaviors, and the trauma associated with experiencing personal or sexual victimization among adults experiencing homelessness?
